1.
INTRODUCTION
The objective of the present cold cathode study program is to achieve long life cold cathode performance for crossed-field amplifiers. This program is being performed for the United States Army Electronics Command, Fort Monmouth, New Jersey, under contract DA-28-043-AMC-01698 (E).
In this study, selected cold cathode materials will be evaluated as to: their secondary emission properties, their ability to withstand environmental factors expected in a crossed-field amplifier, and their crossed-field amplifier performance. Based on the above experimental information and pertinent theoretical calculations, a life prediction chart will be established for a number of cold cathode materials.
The program is divided into two concurrent phases, Phase A being concerned with the measurement of various pertinent pioperties of cold cathode materials outside of the tube environment, and Phase B involving the evaluation and life testing of selected cathodes in a crossedfield amplifier.
The first quarterly report of this contract (Technical Report ECOM 01698-1) contains a discussion of the objectives and plans for the over-all program. Quarterly report no. 5 contains a description of the CFA test vehicles used in this program.
PHASE A -MATERIALS EVALUATION
2. 1 Boron Nitride Film. Another boron nitride film was evaluated in the Electron Bombardment Vehicle. This was a 200A film deposited by CVD technique on a molybdenum (Mo) substrate, as were the previous films tested in this program. The results are shown in Figure 1 . 6 max was low (approximately 1. 75 at the start) and decreased slightly under 3 ma electron bombardment at 1. 2 kv. The high 6 max of 4. 3 observed for a previous boron nitride (BN) film in the SEE test vehicle has not been repeated as yet.
2. 2 Secondary Emission Measurements. To ascertain the relative significance of the impregnant and tungsten regions in contributing to secondary emission, a set of impregnated tungsten samples were fabricated of varying porosity and impregnant composition. Measurement of 6 vs primary energy was performed in the SEE test vehicle, and the values of 6rnax after system bakeout are shown in Table I .
These are preliminary measurements only; therefore no conclusions will be drawn at this stage. Sufficient thermal activation for the high porosity samples was impossible, due to a poor thermal contact between each sample and the Mo cup in which it was contained. New high porosity samples are being made and the measurements will be repeated. % porosity ■ 100 x impregnant volume fraction.
<■*
Numbers in this column denote molar parts B^CO), CaCOj and A12O3, respectively 2.3 High Stress Electron Bombardment VesttnE. The Sixth Uuarterly Report described initial tests on a polished copper target undergoing electron bombardment at I. 5 kv and 2 A/cm^. This coooer target was subsequently subjected to bombardment at 2. 5 kv and 4 A/cmZ for 4 -/2 hours, corresponding to a porver density at the target surface of 10 kw/cm . After removal the copper target was microscopically examined at a magnification of 50. As shown in Figure 2 , there was evidence of thermal etching: the dark spots appear to be pitted areaa. Some attempts to diffusion bond (pressure and temperature) aluminum to copper were made, but these were only partially successful, i. e., only portions of the area were bonded.
The following materials to be used in further electron bombardment studies have been procured: 1. aluminum alloy 6061 (approximately 97. 5% Al) 2. aluminum allow 1100 (99. 0 -f % Al) 3. 98+ % pure beryllium.
Targets will be fabricated from these materials for I A/cm^ and 4 A/cm^ bombardment. Targets for 1 A/cm^ bombardment will be threaded (easily removable) in the early EBV tests. Targets for the 4 A/cm^ tests will depend on the diffusion bonding technique. In future work it is planned to operate two EBV s simultaneously. 
8.
Sample no. 1 was electron bombarded for 23. 5 hours at between 0. 1 and 0. 5 A/cm^ (average value of 0. 2 A/cm^;, interspersed with periods of thermal activation, during a total 64-hour period. Sample no. 2 was electron bombarded for 19-hours at between 0. 17 and 0. 5 A/cm2 (average value of 0. 4 A/cm^) during a total 25-hour period. The 6 values appear to oscillate about an ultimate asymptotic value of between 2. 2 and 2. 3 for both samples. The application of an oxygen pressure of 5 x 10-6 Torr to sample no. 2 resulted in no significant improvement in 6, contrary to expectations based on previous beneficial effects of O2. The usual effect of electron bombardment with the target negative relative to the anode is an increase in 8. It is assumed that the cathode of the CFA also sees a similar sense of the electric field and is thus also subject toO + ion bombardment.
Some of the significant processes which may contribute to the surface condition of the aluminum cold cathode are: 1) dissociation of the oxide film due to electron bombardment, followed by: a) escape into the vacuum of oxygen atoms, either charged or neutral, from the first few atomic layers, and b) relaxation of the remaining depth of the electron range.
2) diffusion of aluminum deeper into the oxide from oxygen deficient superficial layers.
3) replacement of oxygen by adsorption of neutrals from the vacuum or perhaps (more effectively) by 0 + ion bombardment.
Some of the changes in 6 observed such as occur during off-periods, may be due to diffusion and relaxation processes within the oxide.
Two Ni cermet samples were prepared during the present quarter and will be tested in the hot/cold EBV during the coming quarter.
3.
PHASE B -CFA TESTING 3. 1 QKS1397 Test Vehicle 3. 1. 1 Model no. 8A. Evaluation of cathode emission life of model no. 8A was continued during the repurt period. The tube was operated at 0. 001 duty factor, with a peak drive power of 125 kw, a magnetic field of 3075 gauss, and at a frequency of 33 50 MHz. In Figure 5 , the solid curve shows the peak tube current, while the dashed curve shows the oxygen source heater power, both as a function of time. The oxygen source heater power was initially 59 watte, but was later raised to 60 watts (after approximately 34 hours of cumulative operating time) to increase the peak current emission. At this level of oxygen source heater power however, the peak current emission could not be maintained, and had decreased to 67 amperes by 38 hours of cumulative operating time. The test vehicle was now operated jvith only rf drive power and oxygen dispenser heater power (60 watts) present, to recondition the cathode emitter surface for higher peak current emission. The peak current emission did indeed increase, but could not be maintained; after 43 hours of cumulative operating time the peak current emission had decreased to 66 amperes. A second attempt to recondition the cathode emission was similarly unsuccessful in maintaining peak current obtained; 44 hours of cumulative operating time, the peak current had decreased to 66 amperes. It then stabilized at this level for the remainder of the life test period. This current level represents a cathode stress level of approximately 3. 6 amp/cm 2 , with a peak output power level of 1 Mw and 900 watts of average power added by the CFA test vehicle. A reduction of the oxygen source heater power to 59 watts showed no decrease in the peak cathode emission, but a further reduction of heater power to 58 wa<:t8 did show an immediate effect (after approximately 48 hours of cumulative operating time). The effect of an oxygen source heater power level higher than 60 watts was not investigated because of the higher partial O2 pressure.
Cathode emission life test of model no. 8A was terminated after a total accumulated time of 58 hours to rebuild the test vehicle with a modified aluminum cathode emitter and supporting structure design for improved performance. 
ABSTRACT
A 200Ä boron nitride film on a molybdenum substrate was subjected to electron bombardment at 0. 16 A/cm* and 1. 2 kv for 3 hours and as a result <5 max decreased from 1. 75 to 1. 55.
The high stress Electron Bombardment Vehicle was operated at 4A/cm 2 and 2. 5 kv and the polished copper target showed thermal etching effects.
Two 4-1-1 barium-calcium-aluminate impregnated tungsten samples were subjected to electron bombardment at varying current levels at 1. 2 kV energy, corresponding to average current densities of 0. 2 and 0. 4 A/cm 2 for 23. 5 and 19 hours respectively. 6 max levelled off to an asymptopic value of approximately 2. 2 to 2. 3 for both samples.
Cathode emission life test of model No. 8A was terminated after 58 hours. This model was rebuilt as No. 8B with a 1. 680 inch diameter aluminum cathode. Other design changes were also ii corporated and this tube has been designated for long life cathode emission evaluation.
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